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Same subject, objectives and 
anl=yealelekw-omdalom e)asiacrellalemcr-lire 
presentation 


These exercises 

— Split-leg squat (SLS) 

— Heel Raise (HR) (still in progress) 
Load configuration analysis is 
dalom o)alaatclavmieloecmeymdalis 
presentation 
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mle)Waelel=maal= loading method affect localized physiological 
outcomes on HULK for exercises of interest? 


Split-leg squat (SLS) 


Free weight 
“Gold standard” Long Bar Harness* T-Bar 


Heel Raise (HR) 


1a} is OM PAY ANU AN AON o)k=Xe1 glare) (ere 
com/products/yoyo-squat/ 


a 


NASA SLS Load Configuration Analysis - Kinematics 
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Knee Flexion R (deg) 


Harness posture is more “upright” vs. long bar 

— Less hip and knee flexion over the course of the rep 
Hip abduction (not shown) remains <10 deg for all 
three load cases throughout the movement 
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Normal Force R 


Harness shifts the subject’s load a ae ae 
ofKsiaalelehulelamante)asmelainemua(-m es-[e1.@irele)i 


relative to both long bar and free weight _————— . —— 


Shear forces are higher with the harness 
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Centers of Pressure Loci in Target Foot 


Free Weight Mo)alcm stele Harness 
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RIGHT FOOT COP LOCUS 
(viewed from below) 
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¢ Long Bar COP locus shifts more laterally toward mid-foot vs. free weight 


¢ Harness COP locus shifts more forward (toward toe) and slightly more 
medially vs. free weight and long bar 
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SLS Load Conficurte nee oint Torques 


(Inverse Dynamics) 


xion ment R (N-m) 
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Harness exercise produces 
KeXiom all of-) ale dalstomne)ae[0[= 
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course of the rep 


Long bar vs. free weight 
=> dalloliecmelalmanliarels 
differences 
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Kinetics: Hip Muscle Forces and EMG 


Muscle 
me) Rests 


Hip 
Extensors 
(Glutes) 


Hip Flexorsk 
(RecFem) 
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Harness reduces 
estimated muscle forces 
in agonist muscles 


Consistent with 
reduction in target leg 
GRF, joint torque and 
EMG responses 


IW AVA Git ato)aaat-lipclurelats 
differ among trials since 
data were acquired on 
different days 
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NASA SLS Load Configuration Analysis — 


Kinetics: Knee Muscle Forces and EMG 
Muscle mC 
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e Free Weight 


al=ts gm HULK Long Bar MMBHULK Harness ===Free Weight en pa, Te) or eke) 
92000 o—— : activate the knee 
Extensors 10000: | 
E soa extensors earlier 
(Quads) | in the lift. 
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Knee Extensor Force 


¢ Harness case 
shows much less 
hip extensor 
leadechale)am dary al 
the bar cases. 


¢ Harness case 
ao Maalelas 
Vralivelaaam .4alsx= 
lit=><o)mrcleld Vclalela 
over the course 
of the lift. 
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(Hamstrings) Nome Fela 
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¢ Using the harness (vs. long bar): | 


The subject places more weight on the non-exercising leg and shear GRFs 
increase 


(CO) A aliaecmante)a-mie) ay clacm-laremaar=velr-li\mlamaal-me-lex-lencele)s 


A small (<50 N-m) knee flexion moment occurs in the exercising leg at the 
co) ome) mual=maate)Vclanielaye 


Rte] ayX=mey mantel d(o)amlalela=t-KX- Gal Robs -] ms oLeldamallom-lalem dal-tom e)iales 
Peak joint moments decrease in the hip (-29%) and knee (-6%) 
Peak hip extensor (-37%) and knee extensor (-8%) muscle forces decrease 


These single-subject results suggest that exercise at a higher 


applied load with the harness may be needed to impart the same 
exercise stimulus as with the long bar. 


Modeling can help to quantify this difference in other subjects 
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Teallarls 


Prel 


m Model 


¢ Only kinematic and EMG results will be presented here 


¢ Some key single-tether data are still needed to complete the 
FAG INATES 


e Plan to acquire data in Nov 2016 i 


NASA HR Load Configuration Analysis - Kinematics 
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tc] ayXxome) maalold(e)amlamual=m-lal d(sm-lale 
MTP joint are general highest for the 
harness 


iM al=mc10] 0} [=1e1 m= ele) eluromr- Mm aaleldrela me) 
lengthen the free weight and T-Bar 
concentric phases vs. the long bar 
and harness concentric phases 


AMal-iacm ow avelalezt-leliomarsciie-ld(ela 
followed by a punctuated movement 
when using the T Bar 


Ankle Dorsiflexion R (deg) 


MTP Flexion R (deg) 


Mgt HULK Long Bar 
(===Free Weight 


Mg HULK Long Bar 


(===Free Weight 


mm HULK Harness 
HULK Tbar 


Smt HULK Harness 
HULK Tbar 
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¢ The shape of the gastrocnemius 
activation profile is relatively consistent 
across loading configurations 
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marelamceom ol0]e)iam (er-le, configuration Plas cmilalellalomiarclameclanle) (cine 
Talevo)a ele) g-)a=mel=t-lelliammilarelialcscmaicem (er-le mae) avilcd0le-lalelemelarcI NAS 
(Jagodnik) 

AVAIL eXoyah eral erom aarorel=iilalca-viie) mecmcom |avie)daam-lalemcle] 0) ele) amaal= 
development of exercise countermeasure devices on NASA deep 
Space missions 

aleve) g eXole-1u=m ©) q=r0| (La hY{= aa lole(=1 cm Kom e)ae)\ (oko dlal=)aal-la(om=aiaat-lalelakmie)s 
situations where motion capture is impractical (e.g., microgravity) 


Thank you for listening! 
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* Given the small size of the MPCV exercise device, will it be a 
ico o)ae)'i(eK-Mcie na (@l=lalem elanvAcire)(e)s4ler-] mrer-lellarsmcomaat-liaieciia 
musculoskeletal performance? 


e Advanced Exercise Concepts Project Risk: 
— Single-tether design may limit exercise performance (?) 


e Advance Exercise Concepts Project Requirement: 


— The device shall allow the crew member to perform squat, deadlift and 
heel raise exercises with proper body positioning* 
z (a Ng | 


*according to JSC- 
29558, “Resistive 
Exercise Description 
Document” 
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¢ Human exercises/movements 


¢ Primarily resistance training “#2 
— Regular squat (SQ) : 
— Split-leg squat (SLS) 
— Heel-raise (HR) 
— Deadlift (DL) 


e Using measured input data 
son \VACoLd Lela alike) ava (dlal-)aar-idiec)) 
— Applied forces 
* Ground Reaction Forces (GRF) 
* Device loads 
— Subject’s anthropometrics 


¢ Estimate outcomes 
— Muscle forces and moment arms 
— Joint torques 
— Mechanical loads (bones/joints) 


GRC Exercise Countermeasures | ab (ECL) 
3 sessions: APR, JUL, OCT 2015 
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— Motion capture: BTS Smart-D®, 12 camera 
system, 100 Hz sampling 


— Ground Reaction Forces (GRF): Kistler® Model 
9261 force plates, 100 Hz sampling 


— Device loads: load cells internal to HULK 
EMG: BTS FreeEMG 16 wireless sensors 
seme 01010) a Paacr-Vaale)inays4 

— Band pass filtered 20-450 Hz 

— Full wave rectified, RMS envelope 

mee WANA Ou are) gaat-liP4zre! 


1 subject for this data set 


Sensor Muscle location © 
| Bluel | _‘Tibialis Anterior _| 

| Blue2_ | —_—VastusMedialis | 
| Blue3—|__—sRectusFemoris _| 
| —BlueS | _Vastus lateralis _| 
| BlueS | ___HipAdductors_ _| 
| Blue6 _—|__—Rectus Abdominis _| 


[sive | External Obliques | 
[aiue 8 | Medial Gastrocnemius | 
ned | tateral Gastrocnemius 
Tred? | _Semitendinosus | 


|_Red3_|__BicepsFemoris | 
| Red4 | Gluteus Maximus _| 
| Red S| Multifidus_ | 
| Red6 | __tongissimus | 
| Red7 | Middle Trapezius | 
[|__Reds__| _Upper Trapezius _| 


° EMG Processing 
¢ Sampling rate = 1000 Hz 
¢ Band pass filtering: 20 to 450 Hz, 
¢ Full-wave rectified and enveloped with RMS calculation 
Cs od \V/LMr- (ol WV- 1010) gm (=AY(=1 om (OM OM KOM INO) Malo) aaat-](P4-{emKomaal-ec101e) {161mm VALS 
¢ MVC tests were performed prior to application of the mocap markers. 


¢ Muscles isolated for testing according to: Hislop HJ, Avers D, Brown M, Daniels and Worthingham’s Muscle Testing: Techniques of Manual Examination 
and Performance Testing, 9th Edition, Elsevier Saunders, St. Louis, MO, 2014. 
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— OpenSim (Stanford Univ.) is freely available 
o}Co)aatsxearelalcerclMoiaaleltclalelame)aan clase i (el Val alca ko) acm ne 
as DY =AV(=1 (0) om ga ole i=) (me) ma ale Kyelbl (ols) ¢=l(=1e-] MMe UOMO] gor 
in © g'=¥-} KM e NV ay] aal(oms)ianleit-)ale)alcme) mm aae)’(=l ani) auer-lalem dialciaarldces 


¢ Calculate estimates for muscle and joint kinetics 
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(AOKI) Mey =10m olele ha aalelel=1mice)aame@)el-lasyian 


iad 5-1 [-]-40) oY] Wem DL =l a0) ©) [=m Om) Mew BY =1\¥/ (<1 acy 
\V/ Sn BY =1| oD DP | (01, <<a eos Ta To DL-1 [oR 
S.L., "Full body musculoskeletal model 
for muscle-driven simulation of human 
gait," (in review, submitted to IEEE 
Nia-Vatst-Keidle)akcme)amsiie)narexe lore] | 
Engineering) (2016). 


Long Bar HR Harness Squat T-Bar Heel Raise 53 
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ore” 
For detailed explanation of the workflow steps, refer to the OpenSim User’s Guide. 
WM CoXe (=) SYor-1iTake| Inverse Inverse SELIG 
Kinematics (IK) Dynamics (ID) Optimization (SO) 
Match the 
faatexe(=] muon dal= (Colanveleic-manr-mielials Determine the net Extend ID to resolve 
subject’s angles that best sfoyiahenxe)aeecwr-lale the net muscle group 
eTaldalae) elelantidale replicate the marker joint torques based forces at each 
measurements eXokiuleyamalsine) ay on kinematics instant in time 


a ee ee 


Validation 
(iteration among steps is 
assumed) 
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nasa Methods: Statis 


me DY=10 =) gaa) al =m a=) Omcie-] amr-]ale mice) oma laaters 
from a marker trajectory 


SX =5¥-] 001 (= OL 1 ERe) gal =e) a1 Kom- male) aaat-liPAqre| 
time vector from 0.0 to 1.0 


¢ Compute ensemble average 


¢ Perform statistical analysis at each 
alea=)aalialen (arclalemey) 


Knee Angle R 


0.2 0.4 0.6 0.8 
Normalized Rep Time 
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